We assessed the effect of co-infection by hepatitis C virus (HCV) on immunological and virological response at 48 weeks from initiation of antiretroviral therapy (ART).
Introduction
Coinfection with hepatitis C virus (HCV) and human immunodeficiency virus (HIV) has been associated with a faster progression of hepatitis and higher liver-related mortality. [1] [2] [3] However, the effect of co-infection on HIV progression and responses to HIV antiretroviral therapy (ART) seems less clear. Various studies have reported poorer immunological response to ART in HIV/HCV co-infected patients, [4] [5] [6] [7] [8] [9] [10] [11] whereas others have not found significant differences. [12] [13] [14] [15] Regarding the virological response to ART, most studies have not found significant differences, [7, 8, 12, 16] although Hua et al [9] reported a worse response in co-infected patients. It could be argued that inconsistent results might be explained by the heterogeneity of the populations in the different studies, the different study periods reflecting diverse ART regimens and small sample sizes. [9, 16] However, there are well-described biological mechanisms that could explain the different responses observed between coinfected and monoinfected individuals. [1, [17] [18] [19] The estimated global prevalence of HCV coinfection in HIVpositive individuals in 2013 was between 9.2% and 37.3%, [20] and Spain was situated on the top of the rank in 2015. [21] This very high prevalence of HCV coinfection in HIV-positive persons in Spain reflects a unique HIV epidemiological pattern pertaining the elevated numbers of persons who became infected through illicit drug use in the 1980s and 1990s which has declined over time, and with it, the proportion of coinfected subjects. [22] Given the inconsistencies previously highlighted in the literature, the major changes in HIV clinical management in recent years and the lack of contemporary data addressing this question in Spain, we aimed to assess the effect of coinfection by HCV on immunological and virological response at 48 weeks from ART initiation in HIV-positive patients in the Cohort of the Spanish HIV Research Network (CoRIS) from January 2004 till November 2015. Additionally, we also modeled immunological responses in patients with optimal HIV responses to ART.
Methods

Study design, setting and participants
The Cohort of the Spanish HIV Research Network (CoRIS) is an open, multicenter, prospective cohort of HIV-infected individuals older than 13 years, naïve to ART at study entry, seen for the first time from 1 January 2004 at any of the 42 centers in 13 of the 17 autonomous regions in Spain. Subjects agree to participate in the study by signing an informed consent form. Ethics approval was obtained from all hospitals Ethic's Committees and every patient provides written informed consent to participate. CoRIS collects a minimum data set as described in the cohort protocol, which includes baseline and follow-up sociodemographic, immunological, and clinical data. Data are subjected to internal quality controls. Patients are followed periodically under routine clinical practice. [23] Patients considered for inclusion were baseline ART naïve patients, aged ≥18 years, who started ART between 1 January 2004 and 30 November 2014 and had a CD4 T-cell count and an HIV viral load measurement both in the previous 6 months and at 48 (±12) weeks from ART initiation, and HCV serology previous to ART initiation. Because direct-acting antivirals (DAAs) were not widely available in Spain at the time of these analyses, none of the patients included had received them. Information regarding HCV treatment with interferon and ribavirin was not collected at the time and was, therefore, not taken into account in the analysis. A detailed flow chart is shown in Figure 1 . Subjects were classified at baseline as HIV-monoinfected and HIV/HCV-coinfected based on HCV serological findings.
Outcomes
Immunological response was defined as the change in CD4 T-cell counts at week 48 (±12) from ART initiation, and virological response as achieving a viral load 50 HIV-1 ribonucleic acid (RNA) copies/milliliter (mL) at 48 (±12) weeks from ART initiation.
Statistical analysis
A descriptive analysis of patients' characteristics was carried out using frequency tables for categorical variables and median and interquartile range (IQR) for continuous variables. Differences in sociodemographic and clinical characteristics between HIV/ HCV-coinfected and HIV-monoinfected patients were assessed through the nonparametric Mann-Whitney test for continuous variables and the x 2 test for independence for categorical variables.
Linear regression models were used to estimate the mean difference in the increase in CD4 T-cell counts at week 48 (± 12) from ART initiation, comparing HIV/HCV-coinfected versus HIV-monoinfected patients. Logistic regression models were used to estimate the odds ratio (OR) for the association between HIV/HCV coinfection and virological response at week 48 (±12) from the start of ART.
All the models were adjusted for potential confounders defined a priori: sex, age at start ART, HIV transmission category, geographical origin, educational level (a proxy of socioeconomic status), CD4 T cells count pre-ART, HIV viral load pre-ART and AIDS pre-ART, hepatitis B infection pre-ART, and year at start ART. We assessed whether any of the variables studied modified the effect of HCV co-infection on immunological and virological response by including interaction terms in multivariable models.
We considered a possible interaction for period effect, in relation with 2 major changes on ART by 2008: extended use of single-tablet regimens (STR) that improves adherence and viral suppression [24] and widespread introduction of integrase inhibitors. [25] Because of that, we performed a sensitivity analyses, looking for the outcomes variables in both periods 2004 to 2007 and 2008 to 2015.
We considered the possibility of poor adherence in relation to no viral suppression, proposed in other studies, and modeled immunological responses in patients with optimal virological responses.
To adjust for clustering of patients within centres, robust methods were used to estimate standard errors and, thus, to calculate 95% confidence intervals (CI) and P values. Wald tests were used to derive P values. All statistical analyses were performed using Stata software (version 14.0; Stata Corporation, College Station, TX).
Results
Study population
CoRIS database, updated at 30 November 2015, included 12,239 individuals of whom 5070 met the inclusion criteria (Fig. 1) , 4382 (86.4%) were HIV-monoinfected and 688 (13.6%) were HIV/ HCV-coinfected patients. HIV/HCV-coinfected patients were more likely than those HIV-monoinfected to have acquired HIV through injecting drugs use, to be women, older at the start of ART, of Spanish origin with lower education level, and started ART with a lower CD4 count and an AIDS diagnosis (Table 1) .
Change in CD4 T-cell counts at week 48 from ART initiation
Mean (95% CI) CD4 T-cell increase at week 48 from ART initiation was 229.7 (224.2-235.2) cells/mL in HIV-monoinfected patients versus 161.9 (149.7-174.2) cells/ mL in HIV/HCVcoinfected patients (P < .001). In univariable analyses, the difference in mean CD4 T-cell count increase between HIV/ HCV-coinfected and HIV-monoinfected patients was 67.8 (95% CI: 48.1-87.4) cells/mL. After adjustment for HIV transmission category, which appeared to be the only variable that confounded the association of interest, the difference in mean CD4 T-cell count increase was reduced to 44.5 cell//mL (95% CI: 24.8-64.3) but remained statistically significant (P < .001) ( Table 2) . We failed to find any evidence suggesting that any of the variables studied modified the effect of HCV-coinfection on the immunological response to ART, including a possible period effect (all interaction P values ≥.05). We modeled immunological responses in patients with optimal virological responses, and we found that the difference in mean CD4 T-cell count increase was reduced to 37.1 cell//mL (95% CI: 15.1-59.2) but remained statistically significant (P = .002).
Virological response at 48 weeks after ART initiation
At 48 weeks from ART initiation, 87.0% of HIV-monoinfected patients and 78.3% of HIV/HCV-coinfected patients achieved virological response (P < .001). As for immunological response, HIV transmission category was the only variable that confounded the association of interest and after adjustment for this characteristic in a multivariable logistic regression model, HIV/ HCV-coinfected patients still had a lower chance of achieving virological response than HIV-coinfected patients (adjusted OR 0.62; 95% CI 0.44-0.88; P < .01) ( Table 3) .
There was no evidence suggesting that any of the variables studied modified the effect of HCV-coinfection on immunological response, including a possible period effect (all interaction P values ≥.05).
Discussion
We found that HIV/HCV-coinfected patients within a national and representative cohort in Spain had poorer immunological and virological responses at 48 weeks from ART initiation than monoinfected patients. We observed these findings in crude and adjusted analyses, and saw no differential effect of HCV coinfection on HIV immunological and virological responses to ART from 2004 until 2015, before the widespread introduction of DAA's for the treatment of HCV infection in Spain.
[26]
Consequently, we could not see its effects in this analysis.
Our results are consistent with the poorer immunological response at 48 weeks from ART initiation in HIV/HCVcoinfected compared to monoinfected patients reported in many studies, [7, 8, 10, 11, 16, 27] although not in others. [12] Of note, our results provide contemporary data supporting the inferior virological response in coinfected patients compared to monoinfected patients described by Hua et al [9] 15 years ago. It must be mentioned, however, that most studies have not found statistically significant differences in virological responses to ART by HCV infection status [7, 8, 10, 12, 16, 27] Many possible reasons explaining the worse responses to ART of HIV/HCV-coinfected individuals have been proposed. Social factors, which differentially affect people dually infected with HIV and HCV, have been suggested as potential confounders or mediators. Additionally, biological factors connected to HCV pathogenicity are to be taken into account.
The social and behavioral factors associated with HCV infection, which could contribute to explain the worse responses to ART observed in our study include various forms of drug dependency, [16, 27] higher-risk sexual behavior, [3] barriers to accessing health care, [28] and poorer linkage and retention in care. [29] [30] [31] [32] [33] In the present study, we have adjusted by HIV transmission category, the main behavioral factor, which accounted for the differences between groups, other social factors such as geographical origin and education level. Indeed, as far as we are aware, no previous study addressing this question has adjusted for this proxy of socioeconomic level. All other possible confounders have been evaluated like AIDS state, Hepatitis B co-infection, and the possibility of a period effect in relation to changes in ART (widespread introduction of STR and integrase inhibitors). Additionally, initial treatment regimen has been assessed, as it can affect the response (schedules that includes integrase inhibitors can achieve virological response Table 2 Impact of coinfection by HCV on immunological Response at 48 weeks from ART initiation.
Univariable analyses
Multivariable analyses * Adjusted for HIV transmission category. ART = antiretroviral therapy, CI = confidence interval, HCV = hepatitis C virus, mL = microliter. Table 3 Impact of Co-infection by HCV on Virological Response at 48 weeks from ART initiation.
Multivariable analyses * Medicine faster than others), without finding significant differences between groups. Also, sensitivity analyses have been carried out, comparing immunological response between groups, only in the individuals with optimal virological responses, and the differences between groups remained. Also, Cescon et al [34] compared the immunological and virological responses between HIV/HCV-coinfected IDU and HIV/HCV-coinfected non-IDU individuals, finding no differences in virological response and just a marginal difference in immunological response. This can support a direct biological effect of HCV on the responses. Among the biological factors explaining the effect of HCV on ART responses, it has been found that in HIV/HCV co-infected patients, immune activation of memory CD4 T-cells is considerably increased, [19] so is longer immune activation associated with high CD38 expression in T-cells, regardless of receiving ART. [18] It has been described that HCV viral proteins can act as ligands for cell receptors of the immune system, among other cells, like HCV E2 protein can bind to the CD81 receptor and infect T-cells, B-cells, and monocytes. [1, 27] HCV core significantly seems to enhance HIV replication in human macrophages by upregulating Tumoral Necrosis Factor and interleukin-6.
[17] These mechanisms could explain the different evolution of the HIV infection in HIV/HCV-coinfected individuals.
As a limitation of the present study, information on HCV viral loads was not available for most patients, so we used HCV serology before ART initiation to classify them as mono or coinfected. In consequence, patients who spontaneously cleared HCV infection could have been wrongly classified as HIV/HCV coinfected patients. However, we do not think this might have biased our study as spontaneous clearance is believed to be around 10%-even lower among HIV/HCV co-infected patients [35] -and in any case, this misclassification bias goes toward the null hypothesis.
As strengths, this cohort includes patients from all over Spain with a broad spectrum of patient characteristics and antiretroviral regimens and is representative of the contemporary HIV epidemic. The overall number of patients was very high, limiting the random error found in other studies with smaller sample sizes. Similarly, this cohort was submitted to strict quality controls, limiting misclassification errors related to the collection of information. ART in the patients from the cohort is adjusted to national HIV treatment guidelines. [23] The findings of this study have implications for clinical practice and public health. It is evident that HCV itself has a negative effect on the response to ART in HIV/HCV co-infected patients. Knowing that HCV infection has an effective treatment, boosting access to this treatment has an impact on HCV infection, but also has an impact on HIV infection and epidemic. As future work, repeating these analyses in the same cohort when HIV/HCVcoinfected patients have been treated for HCV may serve to strengthen the evidence of the need for HCV treatment, mainly as a public health approach in low-income countries where these 2 infections have a significant effect and/or where effective HCV treatment is not available.
